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Abstract 

Background: Predictors of physical activity (PA) change are rarely investigated separately for different PA intensities and 
for weekdays/weekends. We investigated whether individual-level predictors of one-year change in objectively-measured 
physical activity differ for moderate PA (MPA) and vigorous PA (VP A) and for weekends and weekdays. 
Methods: Accelerometer-assessed PA (mins) was obtained at baseline and +1 year (n = 875, 41 .5% male, Mean + 
SD baseline age: 9.8 ± 0.4 years-old). Potential predictors (n = 38) were assessed at baseline from psychological 
(e.g. self-efficacy), socio-cultural (e.g. parent support) and environmental domains (e.g. land use). Associations between 
predictors and change in MPA (2000-3999 counts/minute (cpm)) and VPA (>4000 cpm) separately for weekdays and 
weekends were studied using multi-level linear regression. Analyses were adjusted for school clustering, sex and 
baseline PA. 

Results: Weekend PA declined (MPA decline 4.6 ±21. 8 mins/day; VPA decline: 2.1 ±20.1 mins/day; both p < 0.001) 
whereas weekday PA did not significantly change. Higher baseline PA and being a girl were associated with greater PA 
declines in all four outcomes; remaining predictors differed for MPA and VPA and/or weekdays and weekends. Family 
logistic support was associated with less of a decline in weekend MPA (CI 95%) 0.15 (0.05, 0.25) and VPA 0.19 (0.09, 
0.29), and peer support with less of a decline in weekday MPA 0.18 (0.02, 0.34) and VPA 0.22 (0.06, 0.38). 

Conclusions: Results highlight the relevance of investigating predictors of PA change separately for different PA 
intensities and for weekdays/weekends. In addition to continued focus on school PA promotion, more effort to target 
interventions during weekends, such as in the family and community appears important. Encouraging peer support to 
increase weekday PA and targeting parent support for weekend PA may be health promotion priorities. 
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Background 

Physical activity in children has been associated with re- 
duced risk of the metabolic syndrome [1,2] and beneficial 
effects on mental health [3]. Physical activity appears to 
decline with age throughout childhood and adolescence 
[4,5] and inactive children may become inactive adults [6], 
resulting in a higher risk of health complications later in 
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life [7] . Although increasing physical activity among young 
people is a public health priority, few interventions have 
been shown to effectively increase physical activity among 
children [8-10]. 

Knowledge on potentially modifiable factors influencing 
physical activity is important to inform physical activity 
promotion strategies [11]. However, a review of predictors 
of change in physical activity identified few consistent fac- 
tors with which to inform intervention development [12]. 
These inconsistent associations could be at least partly 
due to differential associations between individual predic- 
tors and intensity-specific physical activity outcomes [13]. 
School-level predictors of physical activity may differ for 
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moderate physical activity (MPA) and vigorous physical 
activity (VPA) [14] but there is limited evidence on factors 
from other domains of the socio-ecological model [12,15]. 
Therefore examining individual-level predictors of MPA 
and VPA separately could help us identify more modifiable 
determinants which could inform physical activity promo- 
tion. In addition, this information could be useful for 
health promotion programs aiming to target specific activ- 
ity intensities, for example VPA which appears to decline 
more rapidly than other activity intensities during adoles- 
cence [13] and may be more important than lower inten- 
sity activity for weight control [16,17]. Taken together, this 
supports the relevance of an explorative study investigat- 
ing predictors of MPA and VPA separately from overall 
physical activity and combined moderate and vigorous 
physical activity. 

Differential physical activity declines have been identi- 
fied for weekdays and weekend days in 10-11 year-old 
children [4] and there is some evidence that cross- 
sectional correlates of physical activity also differ for 
weekdays and weekend days [18]. It appears logical that 
influences on children's physical activity may differ on 
school days compared to non-school days, however, most 
research investigating predictors of objectively-measured 
physical activity in children uses average values over all 
days of measurement [12]. This could limit the identifica- 
tion of predictors specific to weekday or weekend physical 
activity which could be important to successfully target 
physical activity promotion interventions during either of 
these times. 

We aim to test the hypothesis that psychological, socio- 
cultural and environmental factors will be differentially 
associated with one-year change in MPA and VPA on 
weekends and weekdays in 9-10 year-old British children. 

Methods 

Study design and setting 

The SPEEDY study is a population-based longitudinal co- 
hort study, investigating factors associated with physical 
activity and dietary behaviour in 9-10 year-old (Year 5) 
children attending schools in the county of Norfolk, UK 
[19]. Ethical approval for the whole study was obtained 
from the University of East Anglia research ethics 
committee. 

Participants 

Full details on participant recruitment and study proce- 
dures for the SPEEDY study baseline data collection 
have been described elsewhere [19]. Briefly, schools in 
Norfolk were purposively sampled to achieve urban and 
rural heterogeneity. From 227 eligible schools (those 
with 12 Year 5 children), 157 were approached and 92 
schools were recruited. All Year 5 children (n = 3619) at 



the 92 schools were invited to participate. Researchers 
attended each school to introduce the study and distrib- 
ute information packs for children and their parents. In 
total, 2064 children provided parental consent to partici- 
pate and were measured at baseline (57% response rate). 

Data collection procedures 

Baseline data collection took place during term between 
April and July 2007. Trained research assistants visited 
schools to take physical measurements, administer child 
questionnaires, fit accelerometers and distribute a home 
pack (containing an accelerometer diary, instruction 
sheet, questionnaire and food diary) to each child. Par- 
ticipants were asked to return the home packs to school 
one week later. 

Follow-up data collection took place one year later 
(April and July 2008). Study information sheets and con- 
sent forms were mailed to all 2064 initial participants. 
Those consenting were mailed an accelerometer and a de- 
tailed instruction sheet asking participants to wear the 
monitor for one week and return it by mail using an 
addressed pre-paid envelope. Individual participants were 
measured at approximately the same time of year as at 
baseline. 

Physical activity measurement 

At both baseline and follow-up, physical activity was ob- 
jectively assessed using the Actigraph accelerometer 
(Model GT1M). The Actigraph has been shown to accur- 
ately assess energy expenditure in European children dur- 
ing free-living conditions [20,21]. The monitor was set to 
record at 5-second epochs. Children were asked to wear 
the monitors during waking hours for 7 days and to re- 
move them whilst bathing, showering and swimming. 

Physical activity data processing 

Accelerometry data were analyzed using a batch process- 
ing program (MAHUffe: contact corresponding author for 
information) to remove any data recorded after 1 1 pm and 
before 6 am. Periods of ten minutes or more that had con- 
tinuous zero activity counts [22-24] and any days with less 
than 500 minutes of recording [23] were excluded. To 
maximize participant inclusion it was not necessary to 
have both weekend-day and weekday data at both time 
points. A minimum of 2 days of weekday data and 1 day 
of weekend data was required for inclusion in the weekday 
and weekend analyses respectively. The data was summa- 
rized overall and separately for weekdays and weekend 
days as time spent in MPA and VPA. Thresholds of 2000 
cpm and 4000 cpm were used to define time in MPA and 
VPA, respectively [25,26]. These data were then standard- 
ized to account for potential differences in wear time be- 
tween baseline and follow-up and presented as a 
percentage of the day, for example: change in MPA = 
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((follow-up MPA mins/follow-up worn time)*100) - 
((baseline MPA mins/baseline worn time)*100). 

Potential predictors 

All potential predictors were assessed at baseline and are 
described in detail in Table 1. Briefly, 38 potential predic- 
tors from the biological and socio-demographic (age, 
sex, BMI z-score, parent education, index of multiple 
deprivation), psychological (physical activity preference, 
self-efficacy for overcoming barriers and support seeking, 
personal barriers, lack of physical activity equipment), 
socio-cultural (peer support, family encouragement, family 
logistic support, physical activity and sedentary restric- 
tions, family cohesiveness, freedom to play, games console 
at home, electronic equipment in the bedroom), behav- 
ioural (active travel to school) and environmental (living 
in a cul-de-sac, effective walkable area, woodland percent- 
age, land use mix, perceived availability of parks and dis- 
tances to green space, sports venues and school) domains 
were investigated. Decisions regarding recoding were 
made a priori and based on the distribution of the vari- 
ables. The selection of exposure variables was informed by 
previous cross-sectional results from the SPEEDY study, 
systematic reviews of correlates of physical activity and a 
systematic review of predictors of change in physical activ- 
ity [12,27-29]. The baseline child questionnaire was ad- 
ministered by researchers during school measurement 
sessions. Details about the questionnaire items including 
coding are included in Table 1; where possible the refer- 
ence to the original version of the question is provided. A 
completed parent questionnaire was returned for 93% of 
participants. GIS (Geographical Information System) mea- 
surements were calculated using ArcGIS Network Analyst 
Version 9.2, based on the parent-reported full postal ad- 
dresses of the participants. These addresses were geo- 
referenced for their precise location using the Ordnance 
Survey Address Layer 2 product. Neighbourhoods were 
defined as the area within a 10 minute walk (approxi- 
mately 800 m) along the road network from each individ- 
ual address [30]. Details about the derivation of GIS items 
are included in Table 1. 

Statistical analysis 

Differences in baseline characteristics by gender and be- 
tween children with and without follow-up physical activ- 
ity data were tested using Students t-tests or chi 2 -square 
tests for continuous and categorical variables, respectively. 
Differences in physical activity between baseline and 
follow-up were assessed using paired t-tests. 

Simple associations between change in physical activity 
and potential predictors were assessed using multi-level 
multiple linear regression, to allow for clustering at the 
school level. Analyses were carried out separately for 
weekday and weekend days for change in time spent in 



MPA and change in time spent in VPA. Variables that 
reached p < 0.10 in the simple analyses were included in 
multiple multilevel linear regression models for the rele- 
vant outcome. Variables were subsequently manually re- 
moved one at a time if they did not reach p < 0.05, starting 
with the variable with the highest p-value. All analyses 
were adjusted for sex due to sex differences seen previ- 
ously [4]. All models were adjusted for baseline outcome 
variable as the aim was to determine whether predictors 
could be detected independent of baseline physical activity 
levels [39]. Analyses were carried out using Stata 11.0 
(Statacorp, College Station, TX). 

Results 

Of the 2064 original SPEEDY participants invited to take 
part in the follow-up measurements, 1267 (61.4%) 
responded, of which 1019 (49.4% of original sample) 
consented to take part. Of these, 954 (93.6%) returned an 
activity monitor containing data. Valid data on change in 
weekday PA was obtained for 854 volunteers (41.4% of ori- 
ginal sample) and for 718 volunteers (34.8% of original 
sample) for weekend analyses (1 weekend day of 500 mi- 
nutes at both baseline and follow-up). Those included in 
this analysis were more likely to be girls (p = 0.01), to have 
a higher BMI z-score (p < 0.01) and to be of higher SES 
(all SES indicators, p < 0.01) compared to the remainder of 
the sample at baseline. No statistically significant differ- 
ences were observed in baseline physical activity level. 

Table 1 presents the baseline characteristics of the 875 
participants included in one or both weekday and week- 
end analyses for each potential predictor. Participants 
were 9.8 (0.4) years-old at baseline and 41.5% male. 

Table 2 shows that MPA and VPA declined signifi- 
cantly over one year on weekends but not on weekdays. 
When expressed as absolute values, MPA declined by 
4.6 (21.58) minutes and VPA by 2.1 (20.1) minutes over 
one year. 

Table 3 shows the simple associations between poten- 
tial predictors and change in physical activity. Other 
than for gender and baseline PA, few consistent associa- 
tions were apparent across intensities and weekdays/ 
weekends. The results of the multi-level models are 
shown in Table 4. Compared to boys and those with 
lower baseline activity, girls and those with higher base- 
line activity levels experienced greater decreases in MPA 
and VPA on both weekdays and weekends. All other 
predictors differed between outcome variables, for either 
intensity and/or day of the week. Those reporting more 
parental logistic support decreased their weekend MPA 
and VPA less than those reporting less parental logistic 
support. However, participants reporting higher peer 
support were less likely to experience declines in week- 
day MPA and VPA. 



Table 1 Descriptive characteristics of potential predictors of change in physical activity 



Factor 



Description 



Device 



Mean 
(SD) or % 



Biological and socio-demographic 

Age (years) 
Sex (% male) 
BMI z-score 

Parental education (% >16 years) 
Index of Multiple Deprivation 

Psychological factors 

PA preference (% with preference for PA) 

Self efficacy in overcoming barriers {% high) 
Self-efficacy in support seeking (% high) 
Personal barriers (% with barriers) 

Lack of PA equipment 

Socio-cultural factors 

Peer support (% reporting peer support) 

Parental encouragement 
Parental logistic support 



Child-reported 
Child-reported 



Child Q 9.8 (0.4) 
Child Q 41.5% 
Measured 0.3(1.1) 



15.4 (9.5) 



Height was measured to the nearest millimetre (Leicester height measure, Chasmors Ltd, Leicester, UK). A non-segmental bio-impedance 
scale was used to measure weight (to the nearest 0.1 kilogram) and impedance in light clothing (Tanita, type TBF-300A. Tokyo, Japan). 
Height and weight were used to calculate body mass index (BMI, kg/m 2 ). British reference data was used to calculate z scores [31] 

Parents self-reported their age at leaving full time education (reported as 3 categories Parent Q 52.0 

and dichotomized into <16 years, and >1 6 years of age) 

Computed using parent-reported home postcode. This measure combines information on deprivation from seven domains: income, CIS 
employment, health, education, barriers to housing and services, living environment and crime. The derivation of this measure is 
described in detail elsewhere [32] and quartiles were derived for use in this analysis. 

Sum of 4 questions asking: I would prefer to: play indoors or outdoors; walk or watch TV, run or walk; watch TV or run. Active Child Q 69.3% 

and inactive options coded 1 and 0 respectively. Dichotomised with <2 as preference for inactivity; >3 as preference for PA 
recoded as 0 (reference category) and 1 respectively. [33] 

Child answered Yes (1) or No (0) to: I can do something active even: if it is hot or cold outside; if I have a lot of Child Q 42.7% 

homework; no matter how tired I feel. Dichotomised as low self-efficacy if score <2, high self-efficacy if scoring 
3; recoded as 0 (reference category) and 1 respectively. [34] 

Child answered Yes (1) or No (0) to: I can ask my parent to: sign me up for PA; my parent to do PA with me; my best Child Q 77.8% 

friend to do something active with me. Dichotomised as low self-efficacy if score <2, high self-efficacy if scoring 
3; recoded as 0 (reference category) and 1 respectively. [34] 

Child answered Yes (1) or No (0) to: Are you ever stopped from doing PA because: there you want to watch TV; you Child Q 52.8% 

don't think you're good at PA; you don't like PA; and you might get hurt. Responses were summed and dichotomised 
to 0 (reference category) reporting no barriers and those reporting >1 barriers as having personal barriers (1). [35,36] 

Child answered Yes (1) or No (0) to: Are you ever stopped from doing PA because you don't have the Child Q 25.0% 

equipment you need? [35,36] 

Child answered Yes (1) or No (0) to: During a typical week, do the following things happen: my friends do Child Q 69.5% 

PA with me; I ask friends to do PA with me; My friends ask me to do PA with them. Responses were 
summed and then recoded as 0 no peer support and <1 as peer support. [35] 

Child answered 1 (Never), 2 (once/twice/week), 3 (nearly daily), 4 (everyday) to: During a norma! week Child Q 8.3 (2.4) 

someone in my family: encourages me to do PA, tells me I am doing well at PA, tells me PA is good 
for my health. Responses were summed range 3-12. [37] 

Child answered 1 (Never), 2 (once/twice/week), 3 (nearly daily), 4 (everyday) to: During a normal Child Q 6.5 (2.0) 

week, someone in my family: does PA with me, takes me somewhere to do PA, watches me do PA. 
Responses were summed range 3-12. [18,37] 



Table 1 Descriptive characteristics of potential predictors of change in physical activity (Continued) 



Sedentary restrictions 
PA restrictions 

Family cohesiveness (times/week) 

Freedom to play (% allowed) 

Games console at home (% yes) 
Electronic equipment in the bedroom {% yes) 

Behavioural factors 

Travel mode to school (% active) 

Environmental factors 

Living in a cul-de-sac (% yes) 

Effective walkable area 

Woodland percentage (log%) 
Herfindahl-Hirschmann Index (HHI) 

- Higher land use mix 

- Lower land use mix 
Distance to green space (log km) 

Distance to sport venue (log km) 

Distance to school (log km) 

Availability of parks (% yes) 



Parents reported how often they restrict their child watching TV, playing computer games and using the 
computer with response categories N/A (0), never (0), rarely (1), sometimes (1), often (3) and very often 
(4). Responses were summed with range 0-12. [36] 

Parents reported how often they restrict their child playing outside or walking/cycling to a friends house with 
response categories N/A (0), never (0), rarely (1), sometimes (1), often (3) and very often (4). Responses were 
summed with range 0-8. [36] 

Parents reported the number of times/week they do the following activities together as a family: eating meals, 
reading, sport, visiting family/friends, going to the park, swimming, cycling, watching TV, cooking with response 
categories as 0, 1-4 and >4 recoded as 0, 2.5 and 4.5 respectively and then summed with range 5-40.5. [36] 

Parents reported how often they allow their child to play outside anywhere within the neighbourhood with 
response categories never (0), rarely (1), sometimes (1), often (3) and very often (4). Dichotomised as 
'Not allowed' (never & rarely) and 'Allowed' (sometimes, often and very often). 

Children reported whether they had a games console at home with responses as Yes (1) and No (0) [35] 

Children reported whether they had a TV, PC or games console in their bedroom with responses as Yes (1) 
and No (0) which were summed (range 0-3) and dichotomised into (0 reference category) no media in 
bedroom and (1) media in bedroom. [35] 



Children reported how they usually travel to school. Car and Bus/train were recoded as 0 
(passive) and walk and cycle as 1 (active). [38] 



GIS was used to determine whether the home address was a cul-de-sac, coded as 0 no (reference category) 
and 1 yes. 

Measure of neighbourhood connectivity. Calculated by dividing the total neighbourhood area 
(the area reached via the street network within 800 m from the home) by the potential walkable area 
(the area generated using a circular buffer with a radius of 800 m from the home). Higher values indicate 
higher walkability [38] (GIS-derived) 

The percentage of participant's neighbourhood covered by woodland or green space. Logged 
due to skewness. 

Land use mix in the participant's neighbourhood, calculated as I(landusepercentage) 2 . 

A high HHI indicates low variation in land cover (presented higher and lower split by median) [38]. 



Distances (in km) to nearest green space (excluding parks), calculated as the shortest route 

from home address via the street network assuming use of the nearest entrance. Logged due to skewness. 

Distances (in km) to nearest sport venue, calculated as the shortest route from home address 
via the street network, assuming use of the nearest entrance. Logged due to skewness. 

Distances (in km) to school, calculated as the shortest route from home address via the street 
network, assuming use of the nearest entrance. Logged due to skewness. 

Child reported perceived availability of parks. Children answered yes (1) or no (0) to: 
There are playgrounds, parks, or sports halls close to my home that I can use. [35] 



Parent Q 6.3 (2.7) 

Parent Q 1.7(1.6) 

Parent Q 20.5(5.1) 

Parent Q 44.5% 

Child Q 88.5% 

Child Q 75.0% 

Child Q 49.8% 

GIS 31.1% 

GIS 0.42 (0.16) 



GIS 
GIS 

GIS 
GIS 
GIS 



1.26 (0.95) 

46.1% 
53.9% 

7.2 (1 .0) 

6.3 (0.9) 
7.2 (1.2) 



Child Q 79.19 
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Table 2 Time spent in moderate and vigorous physical activity for weekdays and weekend days 



Baseline Follow-up Change P value for change 



Weekday (N = 854) 










MPA (minutes) 


48.4 (13.5) 


48.2 (14.4) 


-0.2 (13.1) 


P = 0.64 


VPA (minutes) 


24.9 (1 1 .9) 


24.5 (11.9) 


-0.4 (11.2) 


P = 0.25 


MPA (% day) 


6.6 (1 .7) 


6.5 (1.8) 


-0.01 (1.65) 


P = 0.84 


VPA (% day) 


3.4 (1.6) 


3.3 (1.6) 


-0.05 (1.47) 


P = 0.29 


Weekend (N = 7 1 8) 










MPA (minutes) 


50.1 (19.0) 


45.2 (19.1) 


-4.6 (21.8) 


P < 0.001 


VPA (minutes) 


25.7 (18.5) 


23.5 (17.2) 


-2.1 (20.1) 


P = 0.005 


MPA (% day) 


7.2 (2.6) 


6.6 (2.6) 


-0.58 (3.0) 


P< 0.001 


VPA (% day) 


3.7 (2.7) 


3.4 (2.4) 


-0.27 (2.9) 


P = 0.014 



Discussion 

Objectively-measured MPA and VPA declined on week- 
ends but not weekdays over one year in British children. 
Higher baseline physical activity and being a girl were 
consistent predictors for greater declines in MPA and 
VPA on both weekdays and weekends. Other predictors 
differed across activity intensity and/or day of the week 
and included those from multiple domains of the socio- 
ecological model. Participants reporting higher parental 
logistic support experienced less of a weekend decline in 
MPA and VPA and those reporting peer support for ac- 
tivity had less of a weekday decline in MPA and VPA. 

There is little data available with which to compare our 
results as few studies have examined predictors of change 
in physical activity using objective data and fewer have 
stratified analyses for MPA and VPA on weekdays and 
weekends [11,12]. A review of predictors of change in 
physical activity only identified previous physical activity, 
self-efficacy, perceived behavioural control and intention 
as consistent predictors of change in overall physical activ- 
ity among 10-13 year-old children [12]. Current results 
showed previous physical activity level to be associated 
with all four outcome variables used here. An association 
with self-efficacy for overcoming barriers was only found 
in the simple model for weekend MPA [12]. Neither per- 
ceived behavioural control nor intention to become phys- 
ically active was measured here. Nevertheless, our findings 
of largely different predictors for MPA and VPA on week- 
days and weekends support the relevance of investigating 
predictors of change in more specific outcome variables 
than overall physical activity or combined moderate and 
vigorous physical activity. 

Aside from supporting the investigation of predictors of 
physical activity separately by activity intensity and week- 
ends and weekdays, this study has provided some potential 
intervention targets. Participants reporting greater peer 
and parent support for physical activity experienced less 
of a decline in weekday and weekend physical activity 



respectively. The association with family support contrasts 
the findings of no association in longitudinal research 
[40-42] but supports cross-sectional evidence [28], al- 
though this is the first study differentiating the associa- 
tions for different times of the week. Perhaps the lack of 
consensus in the literature may be partly due to the rele- 
vance of different support roles at specific times of the 
week. Our results appear logical in that parent support 
may be more relevant at weekends when children are 
more likely to be with their family, whereas peer support 
is more relevant on weekdays. 

Participants reporting the highest tertile of parent sup- 
port experienced a weekend VPA decline of approxi- 
mately 1.9 minutes less than participants in the lowest 
group of parent support. This is equivalent to 7% of total 
baseline VPA and it is therefore likely that increasing 
parent or peer support for physical activity may be ap- 
propriate only as one component of a more complex 
physical activity promotion intervention. Although our 
results indicate that both parent and peer support may 
be important for preventing physical activity declines 
during late childhood it is currently unknown what is 
the best way to engage parents in youth physical activity 
promotion [43]. In addition, these children are about to 
enter adolescence and it is also uncertain to what extent 
the importance of peer support surpasses family support 
for physical activity as children age [44]. Nevertheless, 
our results suggest that physical activity interventions in 
late childhood may benefit from targeting weekend 
physical activity by increasing parental involvement, spe- 
cifically logistic support, which includes being active 
with the child, providing transport and watching them 
do activity. 

Previous data from this cohort indicated that partici- 
pants with a higher body fat percentage had a greater 
decline in MVPA [4]. In the current analyses BMI 
z-score only remained in the final model for weekend 
VPA. Other evidence regarding the association between 
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Table 3 Simple associations between predictors and change in moderate and vigorous physical activity for weekdays 
and weekends 



Weekday (N = 854) Weekend day (N = 718) 





% change MPA 


% change VPA 


% change MPA 


% change VPA 




B (CI 95%) 


B (CI 95%) 


B (CI 95%) 


B (CI 95%) 


Biological and socio-demographic factors 










Age (y) 


0.22 (-0.01, 0.45)* 


0.02 (-0.22, 0.26) 


0.20 (-0.21, 0.62) 


-0.32 (-0.80, 0.16) 


Sex (ref: boys) 


-0.53 (-0.79, -0.27)™ 


-0.03 (-0.04, -0.02)*** 


-0.67 (-1.10, -0.24)** 


-0.64 (-1.06, -0.22)** 


BMI z-score 


-0.03 (-0.14, 0.09) 


0.02 (-0.06, 0.09) 


-0.04 (-0.20, 0.13) 


-0.27 (-0.44, -0.10)** 


Parent education (high vs. low) 


-0.22 (-0.46, 0.01)* 


-0.23 (-0.47, 0.02)* 


-0.22 (-0.61, 0.17) 


-0.01 (-0.32, 0.29) 


IMD 


-0.01 (-0.02, 0.01) 


-0.01 (-0.01, 0.01) 


0.016 (-0.01, 0.04) 


0.17 (-0.01, 0.04) 


Psychological factors 










PA preference (high vs. low) 


0.06 (-0.16, 0.28) 


-0.04 (-0.23, 0.15) 


0.56 (0.18, 0.93)** 


0.48 (0.15, 0.81)** 


SE for overcoming barriers (high vs. low) 


0.09 (-0.11, 0.30) 


-0.05 (-0.25, 0.15) 


0.38 (0.008, 0.75)* 


0.1 1 (-0.23, 0.44) 


SE for support seeking (high vs. low) 


-0.03 (-0.27, 0.22) 


0.02 (-0.21, 0.26) 


-0.05 (-0.47, 0.37) 


0.14 (-0.25, 0.54) 


Personal barriers (high vs. low) 


-0.05 (-0.26, 0.16) 


0.10 (-0.08, 0.28) 


-0.1 1 (-0.50, 0.27) 


-0.23 (-0.57, 0.11) 


Home PA equipment (high vs. low) 


0.04 (-0.20, 0.28) 


0.31 (0.08, 0.54)** 


-0.63 (-1.10, -0.17)** 


-0.28 (-0.66, 0.09) 


Socio-cultural factors 










Peer support (high vs. low) 


0.17 (0.01, 0.33)* 


0.22 (0.05, 0.38)** 


0.35 (-0.013, 0.72)* 


0.25 (-0.12, 0.62) 


Family encouragement 


0.01 (-0.03, 0.06) 


0.01 (-0.04, 0.05) 


0.02 (-0.06, 0.10) 


0.07 (-0.10, 0.14)* 


Family logistic support 


0.03 (-0.02, 0.08) 


0.01 (-0.06, 0.06) 


0.18 (0.09, 0.27)*** 


0.18 (0.08, 0.29)*** 


Sedentary restrictions 


0.01 (-0.04, 0.05) 


0.03 (-0.01, 0.06) 


0.02 (-0.05, 0.08) 


-0.03 (-0.10, 0.03) 


PA restrictions 


0.01 (-0.06, 0.08) 


0.01 (-0.05, 0.07) 


-0.03 (-0.016, 0.10) 


-0.05 (-0.17, 0.07) 


Family cohesiveness 


-0.01 (-0.02, 0.02) 


-0.01 (-0.03, 0.01) 


0.015 (-0.03, 0.05) 


0.04 (-0.01, 0.07)* 


Freedom to play (yes vs. no) 


-0.01 (-0.22, 0.20) 


0.08 (-0.14, 0.30) 


0.01 (-0.33, 0.35) 


-0.27 (-0.57, 0.04)* 


Games console at home (yes vs. no) 


0.32 (-0.01, 0.63)* 


0.06 (-0.04, -0.02)*** 


-0.14 (-0.78, 0.50) 


-0.02 (-0.61, 0.57) 


Electronic equipment in bedroom (yes vs. no) 


0.27 (0.02, 0.52)** 


0.15 (-0.04, 0.34) 


0.13 (-0.29, 0.55) 


0.12 (-0.32, 0.57) 


Behavioural factor 










Active Travel to school (active vs. passive) 


0.10 (-0.13, 0.33) 


0.06 (-0.11, 0.34) 


0.06 (-0.31, 0.43) 


-0.17 (-0.48, 0.14) 


Environmental factors 










Living in a cul de sac (yes vs. no) 


-0.22 (-0.47, 0.02)* 


0.08 (-0.15, 0.30) 


-0.17 (-0.55, 0.20) 


0.06 (-0.27, 0.39) 


Effective walkable area 


-0.57 (-0.37, 0.23) 


-0.49 (-1.09, 0.12) 


-0.27 (-1.5, 0.97) 


0.13 (-1.05, 1.30) 


Woodland percentage (log%) 


-0.05 (-0.17, 0.07) 


0.04 (-0.06, 0.14) 


0.04 (-0.14, 0.23) 


0.15 (-0.02, 0.32)* 


Land use mix (Lower v. higher) 


-0.28 (-0.51,-0.05)** 


-0.16 (-0.36, 0.04) 


-0.31 (-0.68, 0.05)* 


0.1 1 (-0.26, 0.48) 


Distance to green space (log km) 


-0.01 (-0.14, 0.11) 


-0.01 (-0.12, 0.10) 


-0.08 (-0.26, 0.10) 


-0.04 (-0.19, 0.12) 


Distance to sport venue (log km) 


0.05 (-0.06, 0.17) 


0.04 (-0.05, 0.14) 


0.14 (-0.09, 0.36) 


0.07 (-0.12, 0.27) 


Distance to school (log km) 


-0.09 (-0.18, -0.01)* 


-0.10 (-0.18, -0.02)** 


0.06 (-0.09, 0.22) 


0.03 (-0.16, 0.21) 


Availability of parks (yes vs. no) 


0.18 (-0.06, 0.43) 


0.08 (-0.20, 0.36) 


0.10 (-0.39, 0.59) 


-0.05 (-0.57, 0.47) 



Abbreviation: PA, Physical activity; SE, self-efficacy; MPA, Moderate physical activity; VPA, Vigorous physical activity. 

Results from simple multivariable mixed effects multilevel regression models adjusted for sex, baseline physical activity and school clustering. 
P values: "p < 0.001 ; "p < 0.02 to p = 0.001 ; *p = 0.02 to p < 0.05; *p = 0.05 to p = 0.1 0. 



anthropometry and physical activity declines among 
children is inconclusive [45-50]. This lack of consensus 
and our varying results could be due to differential asso- 
ciations between different anthropometry indicators and 
intensity-specific physical activity outcomes. As a higher 
baseline BMI z-score appears to be associated with a 



greater decline in weekend VPA, this perhaps partly sup- 
ports recent suggestions that VPA may be more import- 
ant than lower intensity activity for weight control 
[16,17], and that body composition predicts changes in 
activity more strongly than the reverse [2,51]. An exam- 
ination of both physical activity and anthropometric 
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Table 4 Final adjusted associations between predictors 
and change in moderate and vigorous physical activity 
for weekdays and weekends 

B CI 95% p value 

Weekday (N = 854) 



Abbreviation: PA, Physical activity; MPA, Moderate physical activity; 
VPA, Vigorous physical activity. 

Results from final multivariable mixed effects multilevel regression models 
adjusted for sex, baseline physical activity and for school clustering. 

measures at baseline and follow-up would be necessary 
to further examine these associations. This may suggest 
that investigating predictors of VPA separately from 
combined moderate and vigorous physical activity may 
be particularly relevant for physical activity promotion 
with the aim of obesity prevention and control. 



Strengths and limitations 

This study builds on the relatively small but expanding 
body of longitudinal high quality research on predictors 
of physical activity change. Further, these results indicate 
that predictors of change in physical activity appear to 
differ for MPA and VPA and over weekdays and week- 
ends. This well-characterized large cohort allows for in- 
vestigation of a wide selection of predictors of change 
with accurately measured exposures and stratified out- 
come variables. Accelerometry data should more accur- 
ately represent physical activity than a questionnaire but 
is not able to accurately assess some activities such as 
swimming and cycling [52]. The majority of potential 
determinants investigated have been used previously; 
however, some of these were developed for this study. 
Although all questions were pilot tested in the appropri- 
ate age group prior to use, we must acknowledge that 
while it is unlikely, it is possible that respondents could 
attribute a different meaning to some of the items than 
we do. Only 49.4% of the baseline population consented 
to participate with boys and children of lower SES more 
likely to be excluded from analyses. Although no differ- 
ences were observed for baseline physical activity levels, 
the differential drop-out limits the generalisability of our 
observations. The weekday data used here includes both 
school time and out of school time and we are not able 
to disentangle how much of the decline occurs at school 
and how much is outside school. Previous examination 
of hourly physical activity change in this cohort indi- 
cated greater declines during free time [4], therefore it is 
likely that the majority of the decline occurs out of 
school. There is controversy as to the best way to ad- 
dress the analysis of change, however, adjusting for base- 
line levels allowed us to examine potential predictors 
while assuming the same initial physical activity level 
and was considered appropriate to address regression to 
the mean [39]. We acknowledge the large number of 
statistical tests in this exploratory study and individual 
results should therefore be interpreted with caution. 

Implications 

Longitudinal studies examining the relative contribu- 
tions of MPA and VPA to the physical decline during 
adolescence, and how change differs over weekdays and 
weekends, could be valuable to better target physical ac- 
tivity promotion. Further, the investigation of predictors 
of change in physical activity specifically for MPA/VPA 
and weekdays/weekends could aid the design of physical 
activity promotion interventions. Physical activity de- 
clined more during weekends compared to weekdays so 
it is possible that schools may already be protective of 
declines which could otherwise be of the magnitude ob- 
served at weekends. Therefore our results suggest that 
preventing declines at weekends may have the biggest 



MPA 

Baseline MPA 

Sex Boys 
Girls 

HHI (Land use mix) Lower 
Higher 

Peer support Low 
High 

VPA 

Baseline VPA 
Sex 



-0.05 -0.06,-0.05 <0.001 



-0.53 -0.78,0.28 <0.001 



0.29 -0.51,-0.06 0.014 



0.18 0.02,0.34 



Boys 
Girls 

Distance to school (log) 
PA equipment Low 
High 

Peer support Low support 

High support 

Weekend day (N = 718) 
MPA 



-0.45 -0.66,-0.23 
-0.10 -0.18,-0.01 



0.33 0.09, 0.57 



0.22 0.06, 0.38 



Baseline MPA 
Sex 

PA preference 



Family logistic 
support 

VPA 

Baseline VPA 
Sex 

BMI z-score 

Family logistic 
support 



Boys 
Girls 

No preference 

Having 
preference 



0.46 0.06, 0.86 
0.15 0.05,0.25 



Boys 
Girls 



-0.61 -1.04,-0.19 
-0.28 -0.45,-0.11 
0.19 0.09,0.29 



0.028 



-0.03 -0.04,-0.02 <0.001 



<0.001 
0.021 



0.007 



0.007 



-0.09 -1.0,-0.08 <0.001 



-0.63 -1.02,-0.02 0.001 



0.02 
0.003 



-0.10 -0.12,0.09 <0.001 



0.004 
0.001 
<0.001 
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impact on physical activity maintenance and therefore in- 
vestigation of predictors of change specific to weekends 
appears relevant. In order to target weekend physical ac- 
tivity, further emphasis on developing family and commu- 
nity based interventions and improving recruitment and 
retention in these challenging research domains may be 
especially important. These results also reinforce the im- 
portance of support from others regarding changes in chil- 
dren's physical activity as parental logistic support 
appeared protective of a weekend decline in MPA and 
VPA and peer support protective against a weekday de- 
cline in MPA and VPA. 

Conclusions 

These results highlight the importance of investigating 
time- and intensity-specific predictors of change in physical 
activity and provide some suggestions for targeting physical 
activity promotion interventions accordingly. In addition to 
continued focus on school PA promotion, more effort to 
target interventions during weekends, such as in the family 
and community appears important. Focusing on peer sup- 
port to encourage weekday physical activity and parent sup- 
port during weekends could be important targets as part of 
more complex physical activity promotion programs. 
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